Cytotoxic effects of 3,4-methylenedioxy-N-alkylamphetamines, MDMA and its analogues, on isolated rat hepatocytes.
The amphetamine-derived designer drugs have been illegally used worldwide as recreational drugs, some of which are known to be hepatotoxic in humans. To compare their cytotoxic effects, 3,4-methylenedioxy-N-methamphetamine (MDMA) and its related analogues, N-methyl-1-(3,4-methylenedioxyphenyl)-2-butanamine (MBDB), 3,4-(methylenedioxyphenyl)-2-butanamine (BDB) and 2-methylamino-1-(3,4-methylenedioxyphenyl)-propane-1-one (methylone) were studied in freshly isolated rat hepatocytes. MBDB caused not only concentration (0-4.0 mM)- and time (0-2 h)-dependent cell death accompanied by the formation of cell blebs, and the loss of cellular ATP and adenine nucleotide pools, and reduced glutathione levels, but also the accumulation of oxidized glutathione. Of the other analogues examined, the cytotoxicity of MBDB and BDB was greater than that of MDMA and methylone, suggesting that hepatotoxicity is generally induced by these drugs. In addition, DNA damage and the induction of reactive oxygen species were greater after the incubation of hepatocytes with MBDB (2 and 4 mM) than after that with MDMA. In isolated liver mitochondria, MBDB/BDB resulted in a greater increase in the rate of state 4 oxygen consumption than did MDMA/methylone, indicating an uncoupling effect and a decrease in the rate of state 3 oxygen consumption in a concentration dependent manner. Furthermore, MBDB resulted in mitochondrial swelling dependent on the mitochondrial permeability transition (MPT); the effect of MDMA was less than that of MBDB. Taken collectively, these results suggest that (1) the onset of cytotoxicity caused by designer drugs such as MBDB and MDMA is linked to mitochondrial failure dependent upon the induction of the MPT accompanied by mitochondrial depolarization and depletion of ATP through uncoupling of oxidative phosphorylation in rat hepatocytes, and (2) MBDB and MDMA elicit DNA damage, suggesting that nuclei as well as mitochondria are target sites of these compounds.